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E.+, B(E2,2" — 0") and S, Evolution
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E.+, B(E2,2" — 0") and S, Evolution
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@ Controversial conclusions about the nature of the
N = 40-Harmonic oscillator subshell closure [Sorlin, 2008]
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@ Controversial conclusions about the nature of the
N = 40-Harmonic oscillator subshell closure [Sorlin, 2008]

@ Study single-particle character of the excited states in the neutron
rich Ni isotopes using transfer reactions

@ %'Ni as starting point (®8Ni @v~)
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2H(86Ni,H)S7Ni

Questions pro @0

@ Study the ground state structure — f5/> —eseses—
(68Ni ®I/_1) ———P3/2—ee00—

—F— 2390
(5/27) 2155
1970
1710

1140
(9/2%) F= 1007 13.3 (2) us
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1/2~ 00 21(1)s
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2H(66Ni,1H)67Ni

@ Study the ground state structure
(68Ni @)

@ g-factor of the 9/27"-state is
smaller by a factor of 2 than
expected for a
199/2-state [Georgiev, 2002]
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2H(66Ni,1H)67Ni

@ Study the ground state structure
(68Ni @v 1)

@ g-factor of the 9/2+-state is
smaller by a factor of 2 than
expected for a
199/2-state [Georgiev, 2002]

@ Determination of spin and parity
of the first excited states
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2H(66Ni,1H)67Ni
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(68Ni ®V—1) ————P3/2—e000—
@ g-factor of the 9/2+-state is —ssssesce— /7> —eseseese—
smaller by a factor of 2 than 7Ni

expected for a
19gq,2-state [Georgiev, 2002]

o . . o390
° Determllnatlon. of spin and parity (5/2-) 5185
of the first excited states 13{8
@ Investigation of the single particle 1140
g gep (9/2%) H== 1007 13.3 (2) s
character of these levels — (5/27) 694 150 (4) ps
Spectroscopic factors

. 1/27 0.0 21 (1)s
[Oros-Peusquens & Mantica, 2000]
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e Technique
@ Transfer reaction theory

@ Experimental Set-up
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DWBA Theory

@ 92 describes a+ A — b+ B (a — f3)
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DWBA Theory

g2 describes a+ A — b+ B (o — f)
g2 depends on (W (k)| H|Wa(Ke)), with H = Vo + Vi — £- V24V,
Use model for interaction potential [Glendenning, 2004]

Tread transfer as perturbation on the elastic scattering
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DWBA Theory

@ 92 describes a+ A — b+ B (a — f3)

@ % depends on (Ws(Ks)|H|Wa(Ka)), with H = Va+ Va— V21V,
@ Use model for interaction potential [Glendenning, 2004]

@ Tread transfer as perturbation on the elastic scattering
© Mya = [ x5 (Ks, P){tbp | a) (| Vioe| ) X5 (K, P)OIF
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DWBA Theory

@ 92 describes a+ A — b+ B (a — f3)

@ % depends on (Ws(Ks)|H|Wa(Ka)), with H = Va+ Va— V21V,
@ Use model for interaction potential [Glendenning, 2004]

@ Tread transfer as perturbation on the elastic scattering
® Mso = [ X5 (Ks, P) (V5| ¥a) (b | Vx| a) X&) (Ko, )P
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DWBA Theory

g2 describes a+ A — b+ B (o — f)

g2 depends on (W(Kg)|H|Wa(Ke)), With H = Va + Vi — S- V24V,
Use model for interaction potential [Glendenning, 2004]

Tread transfer as perturbation on the elastic scattering

Moo = [ X5 (Ko, ) (0| 10a) (b | Vx| t0a) X&) (Ko, )T

Assume extra neutron in B goes to a pure shell model orbital
(B=A® ¢ny)
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Example: 4°Ca(®H,'H)*'Ca

ANGULAR DISTRIBUTIONS FROM THE Ca*(d,p)Ca* REACTIONS Ep = 7.00 Mev
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[Belote, 1965]

@ Shape of angular distribution gives info on angular momentum
transfer (/) and parity.
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[Belote, 1965]
@ Shape of angular distribution gives info on angular momentum
transfer (/) and parity.
@ Scaling of the theoretical cross section to the experimental yields
information on purity of the state. 2722 — 9%
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[Belote, 1965]
@ Shape of angular distribution gives info on angular momentum
transfer (/) and parity.
@ Scaling of the theoretical cross section to the experimental yields
information on purity of the state. 2722 — 9%
@ Well-established technique with stable nuclei in direct kinematics
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Example: 4°Ca(®H,'H)*'Ca

ANGULAR DISTRIBUTIONS FROM THE Ca*(d,p)Ca* REACTIONS Ep = 7.00 Mev

100
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@ Shape of angular distribution gives info on angular momentum
transfer (/) and parity.

@ Scaling of the theoretical cross section to the experimental yields
information on purity of the state. 2722 — 9%

@ Well-established technique with stable nuclei in direct kinematics

@ Performing transfer reactions on radioactive nuclei in inverse
kinematics
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REX-ISOLDE

@ 1.4 GeV Proton beam
Proton Beam (2uA) on UCx-target
@ Laser ionisation by
RILIS (Z-selection)

© Isotope selection by
GPS

© Bunching and charge
breeding in
REX-TRAP and EBIS

© Post-acceleration by
REX (3 MeV/u)

@ Arrival at MINIBALL
Set-up

Rohot Contrel
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J. Diriken (IKS-K.U. LEUVEN)

T-REX @ MINIBALL |

Detector Angles  Thickness Segmentation
Forw. CD (AE) 8-30 300 um 16 annular x 24 radial
Forw. CD (E) 8-30 1.5 mm -
Forw. Barrel (AE) 30-75 140 ym 16 resistive strips
Forw. Barrel (E) 30-75 1000 um -
Back. Barrel (AE)  104-152 140 um 16 resistive strips
Back. Barrel (E) 104-152 1000 pum -
Back. CD 152-172 500 pm 16 annularx 24 radial

One-neutron transfer reactions around 58 Ni

BRIX-IAP Day 2009



MINIBALL ~-array

@ 8 Miniball clusters
@ Each cluster: 3 HPGe crystals
@ Each crystal: 6-fold segmented
@ 6% efficiency @ 1 MeV
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T-REX @ MINIBALL Il

Energy in MeV

"Thick" (1mg/cm?) target measurement

@ Spectroscopic information up to 3.0 MeV

@ Coincidences with ~ rays

"Thin" (100ug/cm?) target measurement
1140
(0/2%) F=F 1007 13.3 (2) us
(5/27) 694 150 (4) ps
1727 00 21(1)s
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T-REX @ MINIBALL Il

Energy [MeV]

"Thick" (1mg/cm?) target measurement

@ Spectroscopic information up to 3.0 MeV

@ Coincidences with « rays

—F—F 2390
"Thin" (100g/cm?) target measurement s
@ Spectroscopic information for the ground and 1::18
the 1gq,2 state (9/2") F== 1007 13.3 (2) us
@ Proton spectrum in singles (5/27) 694 150 (4) ps
@ Good energy resolution required
1/2~ 0.0 21 (1)s

@ Backward angles only
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Slow Correlation Technique

Spot ]- e detector
Foil

chamber Monitor

Under investigation by lain Darby.

Collection of isotopes on a foil surrounded with ~-detectors and make a slow
correlation with protons detected in the scattering chamber.
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Slow Correlation Technique

Spot ]- e detector
Foil

Monitor

chamber

Under investigation by lain Darby.

Collection of isotopes on a foil surrounded with ~-detectors and make a slow
correlation with protons detected in the scattering chamber.

Potential issues

@ Build-up of activity
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Slow Correlation Technique

Spot ]- e detector
Foil

Monitor

chamber

Under investigation by lain Darby.

Collection of isotopes on a foil surrounded with ~-detectors and make a slow
correlation with protons detected in the scattering chamber.

Potential issues

@ Build-up of activity = removable foils (radiation safety)

J. Diriken (IKS-K.U. LEUVEN) One-neutron transfer reactions around 88Ni BRIX-IAP Day 2009



Slow Correlation Technique

Spot ]- e detector
Foil

Monitor

chamber

Under investigation by lain Darby.

Collection of isotopes on a foil surrounded with ~-detectors and make a slow
correlation with protons detected in the scattering chamber.

Potential issues

@ Build-up of activity = removable foils (radiation safety)

@ Implementation into analysis code
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© 2H(EKr, H)®7Kr Test
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@ Test-run with 2.88 MeV/u stable 8Kr-beam on CD, target was
performed
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performed

@ Goal 1: Test of the set-up with heavier beams.
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kinematics [Haravu, 1970].
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@ Test-run with 2.88 MeV/u stable 8Kr-beam on CD, target was
performed

@ Goal 1: Test of the set-up with heavier beams.

@ Goal 2: Reproduction of 8Kr(d,p)8’Kr data in direct
kinematics [Haravu, 1970].

@ Goal 3: Development and testing of data-analysis code.
@ Limited statistics due to "explosion" of bending magnet power
supply.
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Thick target measurement

Comparison simulation and Experiment

All Delta E vs Pad Events
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Thick target measurement

Comparison simulation and Experiment

All Delta E vs Pad Events

©
RN

Elastic deuterons
Transfer products: Protons

Delta E [MeV]

Transfer protons group
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Experimental AE vs E

| All Delta E vs Pad Events |
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Experimental AE vs E

| All Delta E vs Pad Events |
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Experimental AE vs E

| All Delta E vs Pad Events |
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Experimental AE vs E

" All De

Ita E vs Pad Events |

510000

<

=9000

L

©

5 8000

[m]
7000
6000
5000
4000
3000
2000

1000

TTTT HHJHH‘HH‘HH‘

No gamma coincidence
Prompt Gamma
= B oo . Random Gamma

\\".3"\.1\\1\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘

oc

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Ep,q [keV]

J. Diriken

(IKS-K.U. LEUVEN) One-neutron transfer reactions around 88Ni BRIX-IAP Day 2009



| Prompt Gammas Rough DC |

- Prompt Gamma
Random Gamma

35 levels below 3 MeV
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| X-rays from REX
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Comparison with DWBA calculations

E] Coincident with
5 2 530 keV ¥
e} c
E S
E 2 of
i} g f
3 2o 4
E' 014 A g |
\ 5,
B RS
a e =
E ——2d5/2gs . S 2f
o weoeee- 351/2 532 keV 5 F
= 2d3/2 1476 keV £ ol
g - 1g72 2515 keV a
- - P | B B 1
! ' : ' : . ' e = 40 g = "
o 20 40 60 80 100 120 140 160 180 theta_p:Lab (deg)

theta_p;Lab (deg)

Inconclusive due to limited statistics [Vermaelen, 2009]
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0 Conclusion & Outlook
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@ Conclusions
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Conclusion & Outlook

@ Conclusions

e Approved and scheduled 2H(¢Ni,"H)8”Ni experiment @
REX-ISOLDE (november 2009)
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Conclusion & Outlook

@ Conclusions
e Approved and scheduled 2H(¢Ni,"H)8”Ni experiment @
REX-ISOLDE (november 2009)
e Despite the limited amount of beam time the #Kr test indicated that
transfer reactions with heavier masses are feasable
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Conclusion & Outlook

@ Conclusions
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@ Conclusions

e Approved and scheduled 2H(¢Ni,"H)8”Ni experiment @
REX-ISOLDE (november 2009)

e Despite the limited amount of beam time the #Kr test indicated that
transfer reactions with heavier masses are feasable

@ Outlook

o Development of the slow correlation set-up
e A second #Kr(d,p) test to further characterise the set-up
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6Ni(d,p) DWBA Calculations
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Calculations performed by N. Patronis [INTC, 2008]
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